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TECHNICAI NOTE 2664

EXPERTMENTAL, TNVESTIGATION OF THE TURBULENT-BOUNDARY-LAYER
TEMPERATURE-RECOVERY FACTOR ON BODIES OF REVOLUTION AT
MACH NUMBERS FROM 2.0 TO 3.8

By Howard A. Stine and Richard Scherrer

SUMMARY

The local temperature-recovery factor of a turbulent boundary layer
produced by natural transition on a thin-walled, metal, 10° cone was
measured at Mach numbers of 1.97 and 3.7T and at length Reynolds numbers,
based on the surface kinematic viscosity, from 4k x 10° to 4k x 108, The
recovery factor in the fully developed turbulent zone was found to have

a value of 0.882 % 0.008 which was essentially independent of both Mach
" number and Reynolds number. The recovery factor was somewhat greater

toward the end of the region of boundary-layer transition but did not
exceed 0.892.

The recovery factor was also measured on & 40° cone~cylinder com-
bination at Mach numbers of 3.10 and 3.77 and at length Reynolds numbers
from 3 X 10° to 1 x 10%. An increase in local turbulent recovery factor
above that on the 10° cone of less than 2 percent was observed; the
meximum value was 0.896. A recovery factor in the turbulent boundary
layer of 0.885 + 0.011 is considered to be adequately representative of
the values obtained with both bodies in the present investigation.

Similar results have been found by previous investigators at lower Mach
nunbers,

INTRODUCTION

The temperature which occurs at the insulated surface of a vehicle
in supersonic flight may be thought to result from two superimposed
effects. The first effect, which determines the static temperature
Just outside the boundary layer, is due to the shape of the body; the
second 1s brought about by the frictional dissipation of kinetic energy
in the boundery layer. In most cases the static temperature can be
calculated with good accuracy, and for Mach numbers up to 2.5 the tem-
perature rise through turbulent boundery layers can be determined by
recourse to information such as that given in references 1 through 3.
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For Reynolds numbers of about one million and for Mach numbers
less than 2.5 the information contained in references 1 through 3 indi-
cates that when the boundary layer is turbulent, about 89 percent of the
available kinetic energy can be expected to sppear as heat &t the
surface of a body. However, for Mach numbers greater than about 2.5
the available theory and experiments (references 4 and 5) are not in
agreement. The data of reference 5 indicate that very large values of
the turbulent-boundary-layer recovery factor (0.92 to 0.97) are to be
expected at Mach numbers of 2.87 and 4.25, while the theory of refer-
ence U indicates that the recovery factor for a l/7-p0WBr turbulent~
boundary-layer velocity profile should decrease to 0.863 at a local
Mach number of L4.25.

The purpose of the present wind-tunnel experiments was to obtaln
additional values of the turbulent-boundary-layer recovery factor in
the Mach number range from 2 to 4 and to compare these values with the
predictions of reference 4t and the data of reference 5.

NOTATION

a speed of sound, feet per second

Tp-T4
To-T1

Cy recovery factor > , dimensionless

cp constant-pressure specific heat, Btu per pound, Op

cy constant volume specific heat, Btu per pound, OF

g acceleration of gravity, feet per second squared

k  thermal conductivity coefficient, Btu per second, square foot,
OF per foot

M Mach number (§>’ dimensionless

N reciprocal of exponent defining boundary-layer velocity profile,
dimensionless

P pressure, pounds per square foot

Pr Prandtl aumber <Qg-%1'i> , dimensionless
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Re

gas constant, feet per OF

Reynolds number <-‘-€£ s Qimensionless
absolute temperature, °F

time, seconds

veloclty, feet per second

distance from nose along body generator, feet

coordinate normal to body surface, feet

c
ratio of specific heats [E% (= 1.4)] , dimensionless

absolute viscosity, pound-seconds per square foot

mesgs density, slugs per cubic foot

kinematic viscosity (%) , square feet per second

Subscripts

stagnation condition

local condition just outeide the boundary layer
insulated surface condition

measured surface condition

free-stream condition

THEORY

The theory for turbulent boundary layers is Incomplete because the

mechanism of turbulence is not well understood. With the exception of
the theory of Tucker and Maslen (reference %), the existing theories
which lead to & prediction of the turbulent recovery factor are sum-
merized in reference 3. The theory of Tucker and Maslen extends the
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incompressible analysis of Squire for a flat plate to include the
effects of Mach number. The result of thelr anaslysis is the followling
gpproximation formula:

N+ 1+ 0.528 M;2
3N+ 1+ M2

(o) = ( ) () (1)

wherein Pr 1s the Prandtl nunber and N is the reciprocal of the
exponent of the boundary-layer velocity profile as approximated by the
power law. Since the parameter N can be shown to increase with the
Reynolds number, it is apparent from equation (1) that the recovery
factor predicted by the theory of reference 4 increases with increasing
Reynolds number and decreases with increasing Mach number. Squire's
result for the incompressible case is obtained from equation (1) when
the Mach mmber is zero, and the approximation Cr = Prl/3 is obtained
as the limit when the parameter N 1is increased indefinitely.

The recovery factor at any point on an insulated body can he found
by measuring its surface temperature, Ty, the total temperature of the
air stream, T, and the local Mach number, M,;, just outside the boundary
layer (which defines the local static temperature). In the present
investigation these quantities were measured by well-known techniques
and were then combined to form the recovery factor according to the
following equation:

T -
Z(1+LLy2)-1
T, 2

(2)

Cr

Equation (2) can be derived by combining the definition of the recovery
Pactor (see notation) with the adiabatic energy equation.

APPARATUS

Wind Tunnels

The present investigation was conducted in the Ames 1- by 3-Poot
supersonic wind tunnels No. 1 and No. 2. Wind tunnel No. 1 is of the
closed~circuit, continuous~-operation, variable-pressure type and is
equipped with a flexible-plate nozzle that provides a range of Mach num-
bers from 1.2 to 2.k, The absolute pressure in the tunnel settling
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chamber can be varied from one-fifth of an atmosphere to three atmos-
pheres to provide changes in the test Reynolds number. The absolute
humidity of the air is maintained at less than 0.0001 pound of water
per pound of dry ailr so that the effects of water content on the super-
sonic flow are negligible. The No. 2 wind tunnel is of the intermittent-
operation, nonreturn, variable-pressure type and uses the dry alr at
high pressure (8ix atmospheres absolute) from the Ames 12-foot wind
tunnel, The air is expanded to atmospheric pressure through the 1- by
3-foot test section, which is structurally identical to that of the

No. 1 wind tunnel. The Mach number can be varied from gbout 1.2 to 3.8.
The steady running time avallable for each test depends largely on the
test Mach number and varies from about 18 minutes at a Mach number of
2.0 to 5 minutes at a Mach number of 3.8. The total pressure in the
wind-tunnel settling chamber is controlled by means of a butterfly
throttling valye in the supply pipe. Because the air in the supply
system expands during each test, the stagnation temperature decreases
with time; the maximum rate of decrease is about 4° F per minute.

Test Bodies

In order to obtain measurements for comparison with existing theory,

& body with uniform surface pressure and temperature was desired. In
supersonic flow this consideration required, for instance, a cone or a
flat plate. Since the turbulent boundary layer on a conical body has
been shown by the theory presented in reference 6 to be related to that
on a flat plate, and because bodies of revolution are more convenient

to test than flat plates, a 10° cone was employed to obtain data for
comparison with the theory of reference 4, Because a 40° cone cylinder
was used to obtain the datae reported in reference 5, & body with almost
identical external shape was made and tested to obtain comparable data.

10° cone.~ The 10° included-angle cone(fig. 1(a)) was made of
stainless steel and, with the exception of an inaccessible region at
the tip and a threaded section at the base, the wall thickness was
0.032 inch. The thin wall served to minimize both the heat capacity
of the model and the longitudinal heat conduction within the shell,
Stainless steel was used to further reduce longitudinal conduction
because of its low thermal conductivity relative to other metals.
Twenty constantan thermocouple wires were soldered into holes in the
shell spaced along a ray of the cone as shown in figure 1(a). Four
additional constantan wires were installed along the opposite ray of
the cone to provide a check on the uniformity of the circumferential
surface~temperature distributions. A single stainless steel wire,
connected to the base of the cone, completed the return circuit for
the 2L stainless~steel~constantan thermocouples. The exterior surface
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of the cone was ground and then polished until the maximumm roughness was
reduced to less than 15 microinches. Careful inspection of light reflec=~
tions from the cone surface revealed that the surface waviness was small,

400 cone cylinder.- The 40° cone-cylinder model which was included
In the present investigation to obtain data for comparison with that of
reference 5 is shown in figure 1(b). The cone-cylinder models of the
two investigations were made of different materials and with different
fineness ratios. The model of reference 5 was mede in segments of a
paper-base plastic. The afterbody could be varied in length up to a
maximum of about 3 feet. The model of the present investigation was
made with a thin (0.063 inch thick) brass shell. Brass was used to
facilitate construction. The afterbody length was selected to provide
over~all length Reynolds nunmbers comparable to those of reference 5.
As shown in figure 1(b) » 8ix iron-constantan thermocouples were soldered
into the shell, one being placed on the conical portion of the body. In
addition, six static-pressure orifices were located along the opposite
glde of the body to provide data from which the local Mach number could
be calculated. The maximm surface roughhess of the 40° cone-cylinder
body was 20 microinches.

Instrumentation and Accuracy

The thermocouple voltages on the bodies, as well as those from the
thermocouples used to measure the total temperature in the wind tunnel,
were read on elther indicating or recording self-balancing potentiometers
that were calibrated and were accurate to +0.25° F. Although the instru-
ment accuracies were +0.25° F, the repeatability ~f the temperature
measurements during a test was £0.5° F because of minor variations in
the stagnation temperature. Several iron-constantan thermocouples
located on the downstream screen in each of the wind-tunnel settling
chambers were used to measure the total temperatures of the air streams.
In the No. 2 wind tunnel, the stegnation~temperature distribution across
the settling chamber was uniform within +0.5° F. In the No. 1 wind
tunnel, because of the cooling system, there was a temperature variation
of 3° F across the settling chamber at the higher pressure levels. The
average of the temperature readings in the settling chambers was used in
the reduction of the test data. As a result, temperature data obtained
in the No. 2 wind tumnel can have a maximm error of +0.5° F, while the
maximm error of those obtained in the No. 1 wind tunnel can be approxli-
mately *1.5° F.

The local Mach number Just outside the boundary layer on the 10°
cone was computed from the known Mach number distribution in the wind-
tunnel test section and the charts of reference 7. In the case of the
cone cylinder, the local Mach number was computed from the data of
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references 7T and 8 and the static pressures observed during the tests.
The values of loceal Mach number were estimated to be accurate to within
+0,8 percent at the lower Mach numbers, but the accuracy of the static
pressure measurements on the cone-cylinder model at a Mach number of
3.77 provided values of the local Mach number that were only accurate

to 1.2 percent. However, the effect of the decrease in accuracy of
the Mach nunber is compensated by a reduction in the effect of the Mach
nunber error on the over-all recovery-factor accuracy as the Mach number
increases (see equation 2).

The maximum probable error in the local recovery factor, based on
the individual accuracies of the Mach numbers and temperatures, is
gpproximately +1 percent for values from both wind tunnels at all the
test Mach numbers. The Reynolds numbers were determined with similar
accuracy.

PROCEDURE AND TESTS

A preliminary series of tests with the 10° cone were conducted in
the Ames 1~ by 3~foot supersonic wind tunnel No. 1 to obtain the steady-
state value of the turbulent-boundary-layer recovery factor at a nominal
Mach number of 2 and an over-ell length Reynolds number based on free~
stream conditions in the wind-tumnel test section of 7.7 X 108. The data
from these tests were obtained for comparison with data obtained under
transient temperature conditions in the No. 2 wind tunnel but at the same
Mach and Reynolds numbers. The length Reynolds number was held constant
in the intermittent-operation wind tunnel by gradually decreasing the
total pressure as a function of the decreasing total temperature. This
comparison served two purposes. First, a check was obtained on the rate
et which the tumnel-model combination reached equilibrium temperature.
Equilibrium was assumed to exist when the surface-to-stagnation tempera-~
ture ratio, TS/TO, at each point on the cone became constant as & func-

tion of the elapsed testing time. Second, by comparing these constant
values of the temperature ratios with those obtained under steady-state
conditions in the continuous-operation wind tunnel, the possible errors
due to the small but finite heat transfer which accompanied the
stagnation~temperature drift could be evaluated.

After the accuracy of the testing technique had been evaluated at
a Mach number of 2.0, tests were conducted with the 10° cone in the
No. 2 wind tunnel at a nominal Mach number of 3.8. The test conditions
were selected so that the stagnation~témperature drift and the over-all
heat-transfer rate corresponded to those of the tests at a Mach number
of 2.0. The test duration at the higher Mach number was less than at a
Mach number of 2.0 because of the fixed maximum pressure and the greater
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Pressure ratio required to maintain supersonic flow; however, as will be
discussed later, sufficient time was availeble for conditions to reach
equilibrium with this model.

After the tests with the 10° cone, the 40° cone cylinder was tested
in the No. 2 wind tunnel at nominael Mach numbers of 3.1 and 3.8. At the
higher Mach number the wall thickness of this model (0.063 inch) pre~
vented the temperature ratio Tg/T, from reaching equilibrium in the
avallable testing time. The data were plotted as a fumction of e t,
where t 1s the elapsed testing time in seconds, and the ordinates at
infinite time (e-t = 0) from the extrapolated dnta were taken as the
experimental values of the temperature ratios.

RESULTS AND DISCUSSION

10° Cone

The results of the preliminary tests in the No. 1 and No. 2 wind
tunnels to determine the suitability of the thin-walled, metal 10° cone
for tests under transient temperature conditions are shown in figure 2.
These data were obtained at a Mach number of 1.97 in both wind tunnels
and indicate that the value of the temperature raetio for turbulent flow
(Tg/To = 0.950) in the boundary layer is independent of the test facil-
ity. The locations of the transition regions are quite different, how-
ever.

From the data shown in figure 2 it can be concluded that the thin-
walled, metal cone is as satisfactory for recovery-factor measurements
in the No. 2 wind tunnel as in the No. 1 wind tunnel. Additional evi-
dence of this is shown in figure 3 by the values of the temperature
ratio TS/TO at two different elapsed times during a test at a Mach
number of 3.77. As shown in figure 3, the values of the temperature
ratio in the first 8 inches of model length changed somewhat with
increasing time, but in the 8- to 1lh-inch region the change was negli-
gible. Since the total and surface temperatures were recorded continu-
ously with time during the tests in the No. 2 wind tunnel, it was
possible to plot values of the temperature ratio at several points on
the cone as a function of e-t and determine the value of the ratio
for infinite time (e-t = 0). These values were found to correspond to
those shown in figure 3 for an elapsed time of 4.5 minutes, indicating
that within the limits of experimental accuracy the results shown were
obtained at the condition of thermal equilibrium.

The computed local Mach number distributions along the 10° cone at
free~stream Mach numbers of 1.97 and 3.77 are shown in figure 4. The
local recovery factors were calculated using the local Mach pumber, M,,
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T T
and the temperature ratio -,]-_;E o~ ﬁ-{) in equation (2) and are shown as
o o
a function of local Reynolds number, Reg, in figure 5. For convenience,
the definition of Reynolds number employed in reference 5 has been used:

Vv
Reg = —% (3)

The viscosity, pg, was calculated from Sutherland's equation as a func-

tion of the measured surface temperature, Tg, and the static pressure

was assumed constant across the boundary layer.l Two theoretical values
of the recovery factor, the square root, and the cube root of the Prandtl
number (Pr = 0.715) have been included in figure 5 for comparison with
the experimental data. In figure 6 the curve of Tucker and Maslen
(equation (1)) for a Prandtl number of 0.715 and a 1/7-power velocity
profile is shown along with experimental points taken from figure 5 and
the data of reference 3. These points were selected so that, on the
basis of free-gtream properties! and when account is taken of geometric
differences (reference 6), the Reynolds number is approximately constant.

It is epparent from figure 6 that there is little variation of the
experimental recovery factor with Mach number, and that for the theory
of reference I to be consistent with the date the parameter N and the
local Mach number M; must be related in such & msnner that the entire
exponent of the Prandtl number in equation (1) is almost constant and
at a value near Squire's exact value for N =7 and M; = O. (An
empirical modification of the theory of reference 4 which predicts a
recovery factor consistent with the data of the present investigation
has been proposed by Mr. Maurice Tucker of the NACA Iewis Flight
Propulsion Laboratory.)®

1Reynolds mumber based on wall properties can be converted to Reynolds
nunber based on local free-stream properties for the present test
conditions by the approximate relation:

1.9
Vi Reg _ <TS g 1 >
VS Rel To 1 + 2"1 M 2

2Tn NACA TN 2337, 1951, the arithmetic mean temperature of the boundary
layer is proposed as a suitable reference temperature for evaluating
the state properties of compressible turbulent boundary layers. This
hypothesis gives & reasonable agreement between experimental and pre-
dicted drag coefficients in supersonic flow. If the same hypothesis
is used to obtain a Prandtl number representative of the turbulent
boundary layer, the recovery factors predicted for local Mach numbers
of 1.93 and 3.61 are 0.885 and 0.883, respectively, for N = 7. These
values are in close agreement with the data shown in figure 6.
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The local large values of recovery factor at the completion of transi-~
tion (fig. 5) could result from the fact that N, in effect, is greater
than 7 at the beginning of the turbulent-boundary-layer region. If this
is true, the greatest possible recovery factor according to equation (1)
could not exceed the cube root of the Prandtl number (N—>w).

The experimental turbulent-boundary-layer recovery factor some
distance after transition is independent of Mach number and Reynolds
pumber within the limits of experimental accuracy for the range of test
conditions covered in the present investigation. The experimental
values lie between 0.879 and 0.885, and these recovery factors are in
agreement with those reported in references 1, 2, and 3.

40° Cone Cylinder

In the tests of the 40° conme cylinder at the maximm Mach number
(3.77), it was found that the surface temperature did not reach equi-
librium in the 4.5-minute test period. The values of the temperature
ratio Tg/T, from each thermocouple for this test are shown in
figure T(a) plotted as functions of e't/éo. The values of the tem~
perature ratio along the body for infinite time (e-t = 0) are shown in
figure T(b). (Symbols correspond to thermocouple locations tabulated
in fig. 7(a).) The data for a free-stream Mach number of 3.10 are
also shown in figure T(b). It was not necessary to extrapolate to
infinite time to obtain these latter data. The thermocouple at
x = 1.63 inches was located on the L40° cone and the temperature obtained
at this point is shown connected to the other points by a dashed line
indicating an unknown variation because the change from a cone to a
cylinder in this region is accompanied by both an abrupt change in
local Mach number and the begimning of transition.

The Mach number distributions along the cone cylinder at Mach
numbers of 3.10 and 3.77 are shown in figure 8. ' The local recovery
factors calculated by use of equation (2) are plotted as a function of
local Reynolds number in figure 9. (For clarity, the data for a Mach
number of 3.10 are shown with flagged symbols.) It can be observed that
the values of the local recovery factor measured on the conical nose are,
within the limits of experimental accuracy, the same as those measured
near the tip of the 10° cone despite the differences in cone angle and
model materiel. The value of the turbulent-boundary-layer recovery
factor at a Mach number of 3.10 is 0.890. At a Mach number of 3.77
the recovery factor is slightly greater. No local increase in the
recovery factor at the completion of transition is apparent in the data
for the cone cylinder. It is possible that this smell characteristic
local increase could have been eliminated by longitudinal heat conduction
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in the rather thick brass shell or masked by the effect of change in
body shape in the transition zone. It is also possible that any local
Increase could have occurred between the rather widely spaced thermo-
couples and therefore remained undetected.

It should be noted in figure 9 that the decrease in length Reynolds
number in going from the cone to the cylinder results from the fact that
the magnitude of the local Reynolds number per foot on the cylindrical
vortion is considerably less than on the -comnical nose.

The recovery-factor data from reference 5 obtained at Mach numbers
of 2.87 and 4.25 are shown in figure 9 for comparison with the present
data. A1l the data from reference 5 were obtained on the cylindrical
portion of the body. Major differences are apparent between these data
and those of the present investigation. Although the reasons for the
differences between the general levels of the recovery-factor data are
not known, it should be noted that two differences between the respec-
tive test conditions are the Reynolds number per foot (1 X 105 in the
tests of reference 5 and 7 X 105 in the present tests) and the transi-
tion Reynolds number of the wind tunnels. This suggests that wind-
tunnel turbulence level or approach toward free molecule flow may be
affecting the results.®

The results of the present tests of the 40° cone cylinder indicate
that the turbulent-boundary-layer recovery factor for this configuration
is substantially the same as that for the 10° cone. The greatest value
obtained with the cone cylinder (0.896 at M = 3.77) is &bout 2 percent
greater than the minimm value obtained with the 10° cone (0.879 at
M= 1.97). Thus, for presumably completely developed turbulent boundary
layers on both bodies, the recovery factors are in agreement within the
limits of experimental accuracy (*1 percent). A value of 0.890 is prob-
ably adequately representative of the experimental results for Reynolds
numbers per foot (Reg) greater than about 2 x 10°.

BRecent exploratory tests with the 10° cone in the fmes 10- by li-inch
hypersonic wind tunnel (M, = 3 to 7, continuous operation at
Po = 75 psig meximum) have indicated that the turbulent-boundary-layer
recovery factors at length Reynolds numbers equal to those in the
1~ by 3-foot wind tunnel No. 2 were almost identical to those of the
present investigation. However, at Reynolds numbers less than 2 X 10°
per foot the recovery factor exceeds those reported herein and the
value eppears to increase with decreasing Reynolds numbers per foot.
Values as high as 0.92 have been measured at a Reynolds number of
1.5 X 105 per foot and a Mach number of L.
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CONCLUDING REMARKS

Turbulent-boundary-layer recovery factors have been measured on two
bodies of revolution, & 10° cone and & L40° cone cylinder. The results
for the 10° cone have been compared with the theory of Tucker and Maslen
and the effect of Mach number predicted by this theory was not detected.
However, the velocity profile was not measured in the  present experi-
ments and such measurements are necessary before the validity of the
theory can be determined. The data obtained with the 40° cone cylinder
were compared with date obtained by Eber for a model of identical shape
and markedly different results were obtained. The difference 1s belieyed
to be caused by possible differences 1n the conditions which caused tran-
sition. For Reynolds numbers (Reg) greater than about 2 X 10° per foot,
and for Mach numbers up to 3.T7, & value of 0.885+0.011 is adequately
representative of the results obtained with both bodies in the present
Investigation. Similar results have been found by previous investiga=-
tors at lower Mach numbers.

Ames Aeronautical Laboratory
Nationel Advisory Committee for Aeronautics
Moffett Fleld, Celif., Jan. 22, 1952

REFERENCES

l. Wimbrow, William R.: Experimental Investigation of Temperature
Recovery Factors on Bodies of Revolution at Supersonic Speeds.
NACA TN 1975, 1949.

2. Hilton, W. F.: Wind Tunnel Tests for Temperature Recovery Factors
at Supersonic Velocities. Jour. Aero. Sci., vol. 18, no. 2,
Feb. 1951, pp. 97-100.

3. Stalder, Jackson R., Rubesin, Morris W., and Tendeland, Thorval:
A Determination of the ILaminar-, Transitional-, and Turbulent-
Boundary-ILayer Temperature-Recovery Factors on a Flat Plate in
Supersonic Flow. NACA TN 2077, 1950.

4. Tucker, Maurice, and Maslen, Stephen H.: Turbulent Boundary-Layer
Temperature Recovery Factors in Two-Dimensional Supersonic Flow.
NACA TN 2296, 1951.

5. Eber, G. R.: Recent Investigation of Temperature Recovery and Heat
Transmission on Cones and Cylinders in Axial Flow in the NOL
Aerobellistics Wind Tunnel., Jour. Inst. Aero. Sci., Jan. 1952.



NACA TN 2664 13

6. Van Driest, E. R.: Turbulent Boundary Layer on & Cone in a Super-
sonic Flow at Zero Angle of Attack. North American Aviation, Inc.
Rept. AL-1042, 1951.

7. Moeckel, W. E., and Connors, J. F.: Charts for the Determination
of Supersonic Air Flow Against Inclined Planes and Axially
Symmetric Cones. NACA TN 1373, 1947.

8. The Staff of the Ames 1~ by 3-Foot Supersonic Wind Tunnel Section:
Notes and Tables for Use In the Analysis of Supersonic Flow.
NACA TN 1428, 19hT.







e e e .

P
h ocouples ———— ]
R ;T;TZ’H { 5,1_,!5_,_,#1_.-#/-‘}*-1‘4 !
..._.}4-/‘.‘—-14)—-1 é‘\%'é“ }’E‘\z z‘ ‘ l l
= - A A

1992 ML VOVE

(e} 10° cone.

All dimensions in inches,

‘
4+

Thermocoupiss

S e f—%*-f;{

¥

. ) I } el

_ﬁ _

Lt
~ T
Pressure oriflces » 3

(b) 20° cone—cyiimder

....... -

Flgure [ — Modsf defalls.

¢T



16

Temperature ratio, -;.7:1—
(]

WACA TN 2664

.96
B> 29.6 psia | '
Y
Nz K : |
94— i A - (g =2l.2-psia
== 5=553R
] 1 I
B=27.7psia
.92 o
L,=564°R
10° Cone
.90 Mp=1.97
S  Ames Ix3SSWT No./
A Ames |x3SSWT No.2
-85 2 4 6 8 10 12 14
SREA

Distance x, (in)

Figure 2 —Longitudinal distributions of surface-to-total temperature
rario obtained on the 10°cone in the No.! and No.2 wind tunnéls,

M, =1.97.
.96
10° Gone
Myp=3.77
Q
e 94 Ames [x3 SSWT No.2
RS £ Elapsed time [ min.
3 A Elapsed tme 4L min.
S g2 S B — £
o) : X
% /./ /)( W % —K
3 /4
% .90
J z/
.88 '
(0] 2 4 6 8 10 12 14

" Disrance x,(in.)

Figure 3.— Effect of lest durationin the No.2 wind tunnel on the
surface-to-total temperature ratio for the /0°cone at
M,=3.77.



NACA TN 2664

35
>~ Mbg\i??
-3
S 30
'g ] 10° cone
3
S — —Ix3 SSWT No. /
S 25
§ —I/x3 SSWT No. 2
§ Mxo=1.97
Q 20
~J g e e — = = = g e ————
/ 5 | 1
o 2 4 6 8 10 12 14
Distance x,(in)
Figure 4- Varfation of local Mach number along the length of the 10°
cone.
.90 T ,/Jl T ] LI}
« p R Turbulent
Mm"‘&??{ X AWs
™ (A’ A\
Q .88 0 ) —
5 / /
S / A
A Al |
™
A
o .86 A
§ // 4”“’8/';9 7—?
< |- g m—— ¢ __{1,0038____‘},1/2 Laminar
S .84
S
~ o Ix3 SSWT No./
gola X3 SSWT No.2
' 10° 106 107

Local Reynolds number, Ré,

Figure 5.—~Variation of the local recovery factor with local Reynolds
number for the 10° cone. '

17




Local recovery facfor, G,

S0

o
©

)
@

®
~N

®
0

85

[
L3

\ P Tucker and Maslen
~__ N=7

® /%3 SSWT No.l I

A Ix3 SSWT No. 2 T~

B Ref 3 T

) ) Lo L5 20 25 Jo 3.5 4.0

Local Mach Number, M,

Figure 6.- Variafion of focal recovery facior with iocai Maoch number

8T

1992 NI VOVN



NACA TN 2664
Symbol x(in.)
98| o 163 A~ &
w |5 iz st
N (8 .
A 844 // /19)
g 96 ¢ 1044 / %/ /,
S - 1244 /d/)(// Ko e
o 7z |
3 94 <
3 Lz W
L2 92 <=
§ [
T
& .90
40° cone cylinder
Mp=3.77
'880 N4 2 3. 4 ) 6 7
e —(1/60)
(a) Effect of duration of test on temperature ratio.
"“I'~° .94
Moo
g LT AT 2 3.0
8 92 ol L ] =377
§ =
S T~
"g{ .90
3
3
S .88 :
5 o 2 4 6 8 10 2 14
A

Distance «x,(in.)
(b) Effect of Mach number on temperature ratio.

Figure 7.—Variation of the local surface-to-total temperature ratio
along the 40° cone cylinder
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